In 1903 Schmorl4 defined Kernikterus as jaundice of the nuclear masses of the brain. It includes usually the caudate, lenticulate, subthalamic and dentate nuclei, the thalami, mammillary bodies, Ammon's horns, the nuclei of the cranial nerves, the olives, parts of the cerebellar cortex and the anterior and posterior horns of the spinal cord. Kernikterus is almost always associated with icterus gravis neonatorum, in which condition, however, it is a rare concomitant finding. Schmorl reported but six instances of jaundice of the nuclear masses of the brain in 130 autopsies of infants with icterus gravis.
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The theories relating to the etiology of icterus gravis have been summarized by Zimmerman and Yannet6, who emphasized the concept that it is frequently a manifestation of generalized infection, ofttimes a septicemia. These workers feel that sepsis is an important etiologic factor in many cases and that failure to perform adequate bacteriological studies of the blood in icterus gravis has obscured the role of infection.
Other theories offered in explanation of Kernikterus were summarized by Benekel as follows:
(1) Peculiar attraction of bile pigment for ganglion cells, resulting in deposition of pigment and subsequent necrosis of these cells. (2) a "poisoning" of some type, convulsions, fall in blood-pressure, or respiratory paralysis. It has also been stated that a hepatitis with the possible liberation of lipolytic substances may be responsible for the necrosis.
The literature has been reviewed by Zimmerman and Yannet and the resumes of 19 cases of jaundice of the nuclear masses of the brain, found at autopsy, are given in their paper. They summarized the clinical features of these cases as follows: The children are born of uncomplicated labors and are apparently normal at birth; jaundice appears early, usually before the second day, and is intense; evidence of involvement of the central nervous system, such as convulsions and spasticity, is found in more than 40 per cent of the cases; death usually occurs early, on or before the fifth day of life. Post-mortem examination revealed pigmentation of the cerebral nuclear masses.
Only three reports of this group of cases gleaned from the literature include the findings of blood examination by culture. The blood of two patients was reported negative, aerobically and anaerobically, on post-mortem examination. Ante-mortem blood culture of one revealed Staphylococcus aureus. Two other patients presented waxy degeneration of the body musculature and ulceration of the gastric mucosa, which was interpreted by one of the writers2 as evidence of a toxic, infectious change.
Nine cases of suspected, but non-fatal, Kernikterus were also found in the literature by Zimmerman and Yannet, and these cases were summarized as follows: In most of the children there was serious and almost fatal jaundice during the neonatal period. This was followed soon after recovery by evidence of cerebral involvement in the form of mental retardation and symptoms associated with injury to the basal ganglions, such as extra-pyramidal spasticity, athetoid and choreiform movements and emotional instability.
Zimmerman and Yannet presented the clinical and post-mortem findings of two children with Kernikterus that came to necropsy at the New Haven Hospital, and three additional cases with clinical histories suggestive of this condition. Soon after their report two more patients with jaundice of the nuclear masses came to autopsy at the same hospital, and their clinical records and the observations made at the post-mortem examinations form the subject of this communication.
CASE I History. Hospital No. A-7850.
The patient, a white female child, was born at full term at 9 A. M., October 12, 1932, on the outside obstetrical service of the New Haven Hospital. It was the third child of healthy young parents. The children of the first two pregnancies were robust. The delivery of the patient was precipitate, occurring three hours after the rupture of the membranes.
Physical examination shortly after birth revealed nothing abnormal. There was no evidence of jaundice. On October 13, at the routine post-partum call, it was noted that the child was jaundiced but was otherwise well. In the early morning of October 14 the child appeared sick and respirations were noisy and labored. The infant took the breast poorly, seemed feeble and did not cry. Jaundice was deeper. At 2:30 P. M. respirations became gasping, twitching of the arms appeared and rales were heard over both lungs. The temperature was 101.80 F. The child was brought immediately to the hospital.
On admission the patient was desperately ill. There was intense jaundice of the skin, sclerae and mucous membranes. The child did not cry when stimulated and there were occasional tonic spasms with extension of the head, arms and legs. A soft, precordial systolic murmur was heard. The liver was felt two fingers' breadth below the costal margin. Deep and superficial reflexes were absent.
Intravenous saline and glucose, oxygen and carbon dioxide inhalations, and intracardiac adrenalin were administered with slight temporary improvement. Breathing soon became irregular again, the color cyanotic, and bloody, frothy discharge oozed from the nose; the child expired. Necropsy. The examination was performed 283/2 hours after death and presented the following significant findings.
The body was well-developed, weighed 3200 gms., and was 50 cm. in length. There was a deep canary-yellow pigmentation of the skin and sclerae. The umbilical cord was dry. Brown in color and elastic in consistency, the liver extended 3 cm. below the costal margin and xiphoid process. There was slight bulging of the cut surface and the lobular markings were indistinct. The myocardium and epicardial surfaces were tinged yellow. Both lungs contained many circumscribed, dark red, atelectatic areas. Many minute white areas dotted the surface of the spleen, which was normal in size and firm in consistency. Marrow from the bodies of the vertebrae appeared normal macroscopically.
Histologically an infiltration of large mononuclear and polymorphonuclear cells was found in the umbilical cord, not extending, however, into the deeper layers. Edema and extravasated blood were present beneath the surface epithelium of the uretero-vesical junction. The liver sinuses were distended, many containing blood with an excessive number of nucleated cells. Outlines of the individual liver cells were not definite, the cytoplasm was mottled and the cells contained fat which was demonstrated by the Sudan III stain. The arrangement of the cells into cords and lobules was orderly. The sinuses of the splenic pulp were filled with red blood cells, and scattered throughout the section were seen large mononuclear cells containing golden-brown pigment. Many pulmonary alveoli were filled with light pink-staining material and red blood cells, some of which were partially autolyzed. The bone marrow showed a normal structure.
The dura and the entire leptomeninges as well were deep yellow in color. There were no vascular anomalies or thrombosed vessels at the base or over the convex surface of the brain. Circumscribed, deep yellow patches were present in the central white matter of both frontal lobes. There was jaundice of both frontal lobes, and also of the corpus callosum. There was a well-developed fifth ventricle whose walls were jaundiced. Diffuse yellow pigmentation was present in both corpora striata. Jaundice was found in the caudal extremities of the caudate nuclei, in the thalami and hypothalami, in the lenticulate nuclei and globi pallidi and in the cortex of both hippocampi. Spots of pigment were present in the cingulate gyri. There was striking chrome-yellow pigmentation in the ntammillary bodies, the cornua ammonis formations and in the parietal lobes. The nuclear masses of the floor of the fourth ventricle, the dentate nuclei of the cerebellum and the vermis, both inferior olives and the dorsal medullary nuclei of the cerebellum were pigmented.
The spinal dura was chrome-yellow and the grey matter was severely jaundiced throughout the extent of the cord.
Microscopically no changes were noted in the meninges or meningeal vessels. In the cingulate gyri and parietal lobes occasional shrunken nerve cells, stained deep yellow, were observed. There were several zones localized around blood vessels in the centrum ovale in which glial phagocytes contained the pigment in concentrated form. All the nuclear masses mentioned in the description of the gross findings contained the bile pigment in three distinct locations; in shrunken nerve cells, in phagocytic cells and extracellularly in the interstitium. It was noted that the pigment was sharply localized to the nuclear masses mentioned and was not wide-spread.
CASE II History. Hospital No. A-8705.
The mother of the patient, a young multipara, was admitted to the hospital supposedly in the sixth month of pregnancy. She was bleeding from the vagina and after a diagnosis of premature separation of the placenta had been made, was delivered of a male child by breech extraction without difficulty. There had been five previous pregnancies, the first of which resulted in a premature delivery; the second and third were normal and spontaneous births at term; while the next two resulted in self-induced abortions in the third month of pregnancy. The three living children are healthy.
At birth the patient weighed 1565 gms. The circumference of the head was 28 cm. The temperature was 36.8°C.; respirations were shallow and irregular. There was slight cyanosis of the hands and feet. Breath sounds were only feebly transmitted over the entire thorax. Breathing improved after oxygen and carbon dioxide inhalations and the child did well during the first day of life. On the second day, he began to vomit food and green material and became moderately distended. Vomiting persisted in spite of treatment. The intestinal pattern was easily seen through the abdominal wall but there was no visible peristalsis. The child had four scanty stools of meconium. Pyloric stenosis was considered but it was thought unlikely because of the presence of bile in the vomitus. Water and formula were given in small amounts and saline and glucose intravenously.
On the third day of life there were several spells of cyanosis. Physical examination was negative; the extremities moved well and were not spastic.
On the fourth day two small impetiginous blebs were seen on the neck and on the following day two more blebs were noted on the right thigh. Within the next 24 hours the lesions had spread to involve the entire buttocks and back of the neck. The child's heart action became weak and death occurred on the eighth day of life. The temperature showed a daily morning rise averaging 1.50 C., 38.40 C. being the highest point reached. The average low point for each day was 360 C.
The Kahn test on the mother's blood was negative. Post-mortem blood culture revealed Streptococcus virlans.
Necropsy. The examination was performed 5Y4 hours after death.
Extensive ulceration of the skin of the neck and buttocks was observed. Except for a yellow discoloration of the mucosa of the gastro-intestinal tract, of the prostrate and testes, nothing else of note was found. There was no thickening of the pyloric ring. The umbilicus was dry without evidence of infection. Histological study of the ulcerated areas of the skin showed epithelial desquamation and marked infiltration of small round cells and plasma cells in the subcutaneous tissue.
The external surfaces of the brain did not appear to be unusual, but when the brain was sectioned jaundice was observed in the basal ganglions. There was a massive hemorrhage into the left lateral ventricle, greatly dilating that cavity and extending throughout the entire ventricular system. The nuclear masses in the floor of the fourth ventricle and the third cranial nerve nuclei were also deeply jaundiced.
Microscopically the blood vessels of the cerebral meninges were greatly congested and filled with homogeneous yellow fluid lying between the red blood cells. The architecture of the cerebellum and cerebrum was that of an immature brain. The usual six layers were recognized in the cerebral cortex, but the individual cells were undeveloped and of the small round cell type. A distinct layer of small round cells was seen in the cerebellum between the molecular layer and the pia.
In the structures bordering on the lateral ventricle and including the basal ganglions there were present many focal and confluent hemorrhages. Many of the red blood cells in these foci were laked. A traumatic lesion undergoing reparative changes characterized by proliferation of fibroblasts, glia cells and microglial phagocytes was seen in the thalamus. In this injured zone many of the phagocytic cells contained deep yellow pigment. Here and in many other parts of the brain small dark amber bodies that gave the appearance of bilirubin crystals were found in the interstitial tissue. The cerebral, like the pial, 'vessels were filled with deep yellow fluid which was often found to have seeped outside the vessels, staining the perivascular parenchyma.
The first patient presented a dinical picture which in many ways is reminiscent of the poorly understood condition called icterus gravis neonatorum. Jaundice appeared early after an interval of about 24 hours following birth, and from that time increased in severity until the death of the child 24 hours later. The finding of immature red blood cells in the blood smears, and of islands of blood formation in the liver at necropsy, is one which appears with striking frequency in the cases reported by Ylpp06. Much debate, however, still centers on the significance of such findings and little is known as yet about the pathogenesis of the cerebral jaundice in cases in which these findings are present.
In the second child it was obvious that the brain had been the seat of a wide-spread birth injury from the fact that both hemorrhages and organization were found. It would appear, therefore, that the reason Kernikterus was present was that circulating bilepigments were deposited in the injured zones much like trypan blue is deposited in foci of injury when the dye is injected into the blood stream. It is attractive to believe that the Streptococcus viridans isolated post mortem from the blood accounted for the circulating bile pigments.
